Redundant sources of Wnt regulate intestinal stem cells and promote formation of Paneth cells.
Wnt signaling regulates multiple aspects of intestinal physiology, including stem cell maintenance. Paneth cells support stem cells by secreting Wnt, but little is known about the exact sources and primary functions of individual Wnt family members. We analyzed intestinal tissues and cultured epithelial cells from adult mice with conditional deletion of Wnt3 (Vil-CreERT2;Wnt3fl/fl mice). We also analyzed intestinal tissues and cells from Atoh1 mutant mice, which lack secretory cells. Unexpectedly, Wnt3 was dispensable for maintenance of intestinal stem cells in mice, indicating a redundancy of Wnt signals. By contrast, cultured crypt organoids required Paneth cell-derived Wnt3. Addition of exogenous Wnt, or coculture with mesenchymal cells, restored growth of Vil-CreERT2;Wnt3fl/fl crypt organoids. Intestinal organoids from Atoh1 mutant mice did not grow or form Paneth cells; addition of Wnt3 allowed growth in the absence of Paneth cells. Wnt signaling had a synergistic effect with the Lgr4/5 ligand R-spondin to induce formation of Paneth cells. Mosaic expression of Wnt3 in organoids using a retroviral vector promoted differentiation of Paneth cells in a cell-autonomous manner. Wnt is part of a signaling loop that affects homeostasis of intestinal stem and Paneth cells in mice. Wnt3 signaling is required for growth and development of organoid cultures, whereas nonepithelial Wnt signals could provide a secondary physiological source of Wnt.